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© Plasma processing reactor and process for plasma etching. 

fy^^^^J^ (10) US6S ad ^^asan antenna (30) driven by RF energy (LF, MF, 

^tZZ^^^l^^ ^ r6aCt0f *«* ™* ^enna (30) generate, a high 
d^low energy plasma «s*e the chamber (16) for etching metals, dielectrics and semiconductor materials, 
^^^r^ene^apo^ 

SScSe? ^s^Tl!? 09 "5 ** PraC8SSeS ' d6position t* 0 "*™ comwne^ etc^depo^on 
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1. FIELD OF THE INVENTION .. . - ' 

T 

The present invention relates to RF plasma processing reactors or apparatuses and a process for 
plasma etching. j | 

2. DESCRIPTION OF THE RELATED TECHNOLOGY 

The^rend toward increasingfy dense integrated geometries has resulted in components and devices of 
very r $mail geometry which are electrically sensitive and susceptible to damage when subjected to wafer 
sheath voltages as small as approximatery 200-300 volts due to energetic particle bombardment or 
radiation. Unfortunately, such voltages are of smaller magnitude than the voltages to which the circuit 
components are subjected during standard integrated circuit fabrication processes. 

Structures such is MOS/ capacitors and transistors fabricated for advanced devices have very thin 
(thickness < 200 Angstroms) gate oxides. These devices may be damaged by charge-up, resulting in gate 
breakdown. This can occur in a plasma process when neutralization of surface charge does not occur, by 
non-uniform plasma potential/or density, or by large RF displacement currents. Conductors such as 
interconnect fines may be damaged for similar reasons as well. 

RF Systems 



Consider first prior art semiconductor processing systems such as CVO (chemical vapor deposition) 
and RIE (reactive ion etching) reactor systems. These systems may use radio frequency energy at low 
frequencies from about 10-500 KHz up to higher frequencies of about 13.56-40.68 MHz. Below about 1 
MHz. ions and electrons can be accelerated by the oscillating electric field, and by any steady state electric 

25 field developed in the plasma. At such relatively low frequencies, the electrode sheath voltage produced at 
the wafers typically is up to one or more kitovolts peaks, which is much higher than the damage threshold 
of 200-300 volts. Above several MHz, electrons are still able to follow the changing electric field. More 
massive ions are not able to follow the changing field, but are accelerated by steady state electric fields. In 
this frequency range (and at practical gas pressures and power levels), steady state sheath voltages are in 

30 the range of several hundred volts to 1 ,000 volts or more. 

Magnetic Field- Enhancement 

A favorite approach for decreasing the bias voltage in RF systems involves applying a magnetic field to 
35 the plasma- This B field confines the electrons to the region near the surface of the wafer and increases the 
•on flux density and ion current and, thus, reduces the voltage and ion energy requirements. By way of 
comparison, an exemplary non-magnetic RIE process for etching silicon dioxide might use RE energf 
applied at 13.56 MHz, an asymmetrical system of 10-15 liters volume. 6.65 x 10~* bar (50 millitorr) 
pressure and an anode area to wafer-support cathode area ratio of approximately (8-10) to 1. and develop 
wafer (cathode) sheath voltage of approximately 800 volts. The application of a magnetic field of 6 x 10~ 3 T 
(60 gauss) may decrease the bias voltage approximately 25-30 percent, from 800 volts to about 500-600 
volts, while increasing the etch rate by as much as about 50 percent 

However, the application of a stationary B field parallel to the wafer develops an E x 6 ion/electron drift 
and an associated plasma density gradient which is directed diametrically across the wafer. The plasma 
gradient causes rnxwinrfocm etching, deposition and other film properties across the wafer. The non- 
unrformrties may be decreased by rotating the magnetic field around the wafer, typically either by 
mechanical movement of permanent magnets, or by using pairs of electromagnetic coils which are driven in 
o^rarture, 90 degrees out of phase, or by instantaneously controlling the current In pairs of coils to step or 
otherwise move the magnetic field at a_cprrtrofled rate. However, although rotating the field reduces the non- 
60 uniformity gradient typically some degree of norHmrformity remains. 

Furthermore, it is cfifficutt to pack coils and, in particular, to pack two or more pairs of coils about a 
chamber and to achieve a compact system, especially when using a Heimhote coil configuration and/or a 
muftHchamber system of indMduai magnetk^rtfianced reactor chambers surrounding a common toadiock. 

A unique reactor system which has the capability to instantaneously and selectively after the magnetic 
fieW strength and direction, and which is designed for use in compact muW^hamber reactor systems, is 
Jsctosed in cormrwnry assigned US. Patent 4.842,683. issued June 27. 1989. in the name of inventors 
Cheng et at ~~ 
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Mi crowave/ECR Syst ems \ ^ microwave energy of 

~ ' „ ECR (electroncylotron resonance) syste ^ tecnftipue 

Microwave and r*^^ fluencies of 2.45 SJ? *• m.nimum reaction 

frequencies >8Q0 MHz ^^^ ^ particle energies dioxide. To compensate. 

produces a higb' density P<^J£ ^ ^ reactive ™«^2< J^ ^ ** 

threshold energy for many ^^^cToower is coupled to the {Q ^ systems. 

energy-chancing ^*2^*3^ ^wafer damage is decreas ed re ajve P ^ micooduCtof wafef 

directional couplers, crcuiators^d o ^ ^^Uy available 2 ^ rements . 

,or microwave ECR systerr* ^^^ets. large power and availabte for 2.45 GHz. 

gauss is r^essitated.requ.r^^ge^ec ^ ^ ^ ^ Hardware ^ al 

9 Microwave and microwave ECR ^ ovens . 9lS MHz systems are afc ^sequence, to 
J5 because this frequency is used^ ^£rnic-Y availa b.e for requires the use of 

higher cost. Hardware is not {Q accommo date larger ^ m '2^, ghef ^odes requires very 

Ja,e a 5-6 in. microwave system upward by ^ a, h,g 

higher modes of operat^ Th (Hpping to Nflh* * ^' * cr0 wave cavity, by using a 
tig ht process ^ 0 !;^^ accomp.ished. for method reduces effects 

„ changes. Alternately the plasm a flux over a larger 
diverging magnet.c f.eld to *><e™ 

3 . ^ niasma density- 



diverging mayi , o „ <itv 

power dens.ty and thus plasma dens.ty. 



HFTransmiss|c il UneJy^ nroroora ted by reference. In these. 

s • 01112905 4 and 91112917.5 are «^' a ^ Y ^oer itself «s 

6 European patent ^°™^w W Hf reactor system « wh,ch JJJ^^ energy to 
references are disclosed a h '^^ ctljre fof apply-g Wgh ^^^/^e permits satisfaction 
configured ,n part as a «J£^J£ ^ un ,que integral ^m^n *ne ^ ^ and 
the chamber from a match.nga ^ mission line between ihe n« 
M of the requirements of a very short t^ ^ ^ ^ MHz Jt ^nables th ^ ^^cia.ly 

permits the use of f ^ t,ve ' y e ^ a ' Energy to the plasma erodes jo g ^ 
aoolication of RE plasma generatmg yr enefgiflS ^d to w sneatn * semiconductor 

« devices- The VHF/UHF system avoids _ 

scalability and power «<™tefions_ n further improved R ^~ entdims 1. 2. 3. 4. 5. 

An object of the present ^orn s ^ Q< ^ one of the ^ details of 

obtect is solved by ^20. ^^^cTe^ ^ 

Cairns are intended to be understood as _ rnn energy source and a multiple 

vw« oiasma reactor wh,ch uses a radio ^^f^^asma. 
The invention provides P^* re associated RF electromagnetic ^ ^ construction 

coi, antenna for Wuc^««^ c^es prior art shortens a source region 

« in one aspect the ,n f*? ^^C^em comprising a vacuum ^er ^ 
" and operation of ^^^SkS coupling ^1 
and a processing region: means tor to fabricate an rneans; and a tnode 

chamber lor generating *J^^" Z^sZ downstream relative ^^^Hhamber walls, 
posrboood. for exampte. « ^ f °^e 7£ processing regkxt. « n ^ < ^e2ed to RF bias, for 

so So-- <^P^^^S te electrically ^'^et^ooTl^ ^ ^ 
and a source ^"J^-r^ cc<^ruction ot the source ^^^^je etching- 
enhancing plasma P«**^ v ^^rTfoc enhancing P^^^^^range 100 KHz to 100 
defining the source reg^Y^ to very high frequency) RF Jf^^ * Z£. Most oreferabry. 
Preferably. LF/VHF ^Jf^^^wrthin the range 100 .KHz to 1 0 MHz^useo^ means 

^r^SSrcoi' antenna of uncoiled e ec^Jer^ operation, 
is a multiple ^-^^ energy app.ied to the cod antenna dunng P 
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The invention also" provides means connected to the antenna ^for tuning the antenna to resonance; as 
well as load means connected to the antenna to match the input impedance of the source to the output 
impedance of the means for supplying RF energy for the antenna. The tuning means may be a variable 
capacitance electrically connected between one end of the antenna and RF ground. The load means may 
be a variable capacitance electrically connected between the other end of the antenna coil and RF ground. 
RF energy may be applied via a tap at a selected location along the coil ant< nna. 

In another aspect the system includes a dielectric dome or cylinder which defines the source region. 
Preferably .Ahe coil antenna surrounds the dome for inductively coupling the high frequency electromagnetic 
energy Into the chamber. 1 The article which is fabricated can be located within the source region or dome, 
within or closely adjacent the volume or the bottom turn of the antenna, or preferably, downstream of the 
antenna. 

The invention also provides means. for supplying gas to the chamber which comprises a gas inlet at the 
top of the dome, a first ring manifold at the base of the dome source region, and a second ring manifold 
surrounding at the wafer support electrode, for selectively supplying processing diluent, passivation and 
other gases to the chamber. 

In yet another aspect an AC power supply and control system capacitively couples AC bias power, 
typically of the same or similar frequency as the source coil power, to a wafer support cathode, thereby 
effecting control of the cathode sheath voltage and ion energy, independent of the plasma density control 
effected by the source radio frequency power. The system provides bias frequency selected to achieve a 
number of objectives. First, the upper frequency limit is selected to prevent "current-induced* damage (a 
too high frequency can cause charge-up damage to sensitive devices.) The tower frequency limit is 
selected in part to preclude "voltage-induced " damage. Lower frequency bias also yields higher wafer 
sheath voltages per unit bias power (less heating of substrates) and contributes less to plasma density and 
thus affords better independent control of ion density and energy. However, a too low bias frequency allows 
ions to follow the RF component of the wafer sheath electric field, thereby modulating ion energies. The 
result is a higher peak-to-average energy ratio and wider (double peak) ion energy distribution. Very low 
bias frequency causes insulator charge-up, inhibiting ion-induced processes during part of the bias 
frequency period. Conveniently, the preferred frequency ranges for satisfying the above considerations 
correspond to the source frequency ranges. That is. preferably LF/VHF (low frequency to very high 
frequency) power within the range 100 KHz to 100 MHz is used. More preferably, IFtHF power within the 
range 100 KHz to 10 MHz is used. Most preferably, MF (medium frequency) power is used within the range 
300 KHz to 3 MHz. 

The invention further provides control means for cyclically pulsing the DC bias voltage between tow and 
high values selected, respectively, to form a passivation coating on a first selected material on the wafer for 
providing a relatively low etch rate of that material and for selectively etching a second selected material at 
a relatively high rate and selectivity. 

In another aspect the chamber is evacuated by a first vacuum pump means connected to the chamber 
proper and a second vacuum pump means connected to the dome for establishing a vertical pressure 
differential across the dome for establishing a flow of neutral particles out of the dome, and wherein the 
voltage at the wafer support electrode is sufficient to overcome the pressure differential so that charged 
particles flow toward the chamber proper. 

Other aspects include a conductive, Faraday shield of different configurations which is interposed 
between the coil antenna or other coupling means and the chamber to prevent coupling of the electric field 
component of the high frequency electromagnetic energy into the chamber. Also, a high frequency reflector 
positioned surrounding the coil or other coupling means concentrates radiation of the high frequency energy 
into the chamber. 

Magnetic enfwncernent is supplied by peripheral permanent or electromagnet arrangements which 
apply a controlled static magnetic field parallel to the axis of the antenna, selected from uniform, diverging 
and magnetic mirror configurations, for controlling the tocation of and the transport of the plasma 
downstream relative to the wafer. Also, magnets may be mounted around the source and/or the chamber for 
applying a multipolar cusp field to the chamber in the vicinity of the wafer for confining the plasma to the 
wafer region while substantially efiminating the magnetic field across the wafer. In addition, a magnetic 
shunt may be positioned surrounding the wafer and the wafer support electrode for diverting any magnetic 
- field from the wafer support electrode. 1 

The system construction permits scaling of its size by selecting the frequency of operation, while 
retaining low mode [.operation. _ v - rrr . 

In other, process aspects, the Inverrtion is embodied in a process for generating a plasma, comprising 
providing a vacuum chamber having source and process regions; supporting an article on an electrode in 
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— a cylindrical coil antenna of more than 

the process region; supplying processing gas to ^'J^Sngth of RF energy applied to the 

one coil turn having an electrical length " (of generating a plasma to fabricate one or 

loading the inp^t impedance thereof to ^^^^^pn^ing a vacuum chamber having 
tn another aspect the process for generate & £^^^£ess region and an electrode in the 
/source and process regions ./and having *^t- 0 I chamber and the source 
o source region: connecting the electrode « the ^^athode. the walls being the anode and 

electrode electrically, with the process <^**™* floating and RF or DC bias: 

me electrical connection of the source e«e^ode^ng gas to tne chamber; 

supporting an article on the electr^me ^^^^ XSrica. length < x/4 where x is the 
using a cylindrical coil antenna of one or more co,l turre ane hang ^ ^ regiQO (or 

, 5 waving* of RF energy applied to the ^^'^L cap'acttvely coupling RF energy 
generating a plasma to fabricate oneormore ^* ^7 at me support electrode, 
into the chamber via tr* support ele^ 

^ ^ZZ^^^T^ silicc into the pfcsma to enhance the 
20 ^HSher aspect the antenna power «■ ^ ^ to the electron are contro.led for 

selectively effecting anisetree*. ^^^^^S^ the presence of silicon, the use of 
An aspect of the process encompasses etchtng fthcon oxrtem ^ ^ ^ 

silicon enhancement, and/or the use of '^^™J?J% e to a low value selected to form 

- r e rr P ;^^^^^^ - ^ oxide - a hi9h rale re " ve 

"^ess according to jTto^^ 

process of. first applying restively ^ te ^. R ^J° ^ Support electrode for net sputter facet 
30 and. second, applying relatively h.gh level RF power to tne pro- 

depositing silicon oxide and planarizing the sdicon _«□«. e ^ in 

Specific process aspects include but are no B ^ to ( ^^3 es in oxSe formed over aluminum; 
oxide^ned over po.ysi.icon (po.ycrysta.line «M«d S^SSi anisotropic oxide etching; 
soiled "light- etching of silicon ox.de and P°^^JJ2 ^anisotropic etching of single crystal 

planarization. 

40 

Brief Description of the Drawings 

S» — -» - — — w "* '""^ * 

vottage In a plasma etching process; vottaa6 ta accordance with one aspect of the 
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being processed, to enhance processing; and - alternative Faraday shield structures for 

FIGS. 15A aid 15B are fragmentary d.agrams depicting two alte^e rar y 
redudng a steady state e.ectrostatic field coup«og to me ^^^s exponents of p.asma 
/ FIG. 16 is block diagram of an fllustratjve system for controlling me vanous ^ ^ 



reactor of the invention. 
Detailed Description of the Preferred Embodiment(s) 

7 " 

1. OVERVIEW 
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Fir< - , 3 _ schematic sectional views of a plasma reactor chamber system 10 for processing a semi- 

source arrangement, a capacity coupted t*as *™9°™« °£ ^J^£Z Ze used because 
The three figures iUustrate preferred and alternate ^ in above- 

of drawing space Citations. The exemplary chamber « * ™*^on « ™ < Z^i SSton r ,ne struc- 
mentioned copending incorporated patent appi-cations, ^^J^^Z cnambers . F(jrt hermore. 
ture. The saiient features of the invention are appi^able ^^^J^^ZL features of the 
it will be understood by those of skill in the art and from £ ^ 5^^^ 

invenuon which cooperatively enhance the pe^c^ of^ rea^ ^^^X^nduLe 
may be selectively omitted from the system For «*^^J^^*™ t ^nt.y e.im.oate any 
plasma source arrangement and capacrtrvely coupled b.as source arrangement eq 

need for magnetic enhancement. . .„ n forTne d 0 , anodized aluminum o< 

The exemplary svstem 10 includes a vacuum * a ^<^'™ s \^* ^i 2ed au^inum is 
other suitable material, having sidewal.s 12 and top andbottom waHs 13 and U. 
preferred because it suppresses arcing and sputtenng. However, other rna^-als such as oar 
with or without a process^ompatibte «ner of polymer or quartz <*™™ C ™%^^^t^ 12-12 

ment shown in FIG. 1. the dome 17 comprises a cvlindnca. waU oxide 

„ tAn 17T ♦vnicallv of a i..m.n..m «• anodized aluminum. For processes sucn as nign s««*-u 1 
S rs^n^ning top wall means, and since, ^ cSol^d ' 

A/shownJn FIG, 1. the evacuation of me ^^Toltw^eTir VTacSne "/which is 
by a throttle v^aJS <wh.cn regulates pressure .ndeoendent of ftow^jn * 

conne^ed tn *~ bottom v»il 14 and connects tn * vacuum pumpjna system 21 comDns.no one or . more 



- m Sectic 10. *» cumber -P™*^^^ 
heated and/or cooled for process performance. For example the ^ " 
or oas heat transfer medium, or heating elements can be used to heat the dome directly 

9 S^d in Section 2 and depicted * ™. 2,^^^^^^^ 
^ t0 ^^cS^ r^T^^f^ are supplied 

controlled flow controller (not shown). At the main gas inlet "™toW ^ ^^ST^JSTS 
vacuum processing chamber 16. as Indicated at 22. » irt^Tgas 

Also, a manifold arrangement 03 may be provided which Is peripheral to the 

°* ie RF a eTOraY Is suppGed to the dome by a source comprising an antenna Jf*f* 006 * U !T n ^ 

JTlS *2£ supply and matching netwo* T<£t££ 
cylindrical configuration. The coil 30 defines a minium ^^JaXS 
and a given source (coif) diameter and preferably has an neal teog*^ ^^^lUor^ance as 
«XM) atme operating fluency. By itself me antenna 30 Is ^^^^^^^Z of 
described below In Section 5 for efficient Inductive coupling with the plasma source by Mfaoays 
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inductive coupling. • , CA ,«^wnward toward the wafer 5 and is 

Preferably, the gas flow from the chamber source section 16A «{^**°^ 33 ^ oef.ned 
then pumped radially outward from the wafer To m«end. »^J^£%rZ 1 the outer 
about cathode transmission fine structure 32. between **^^*Jl™< w ^ bottom and a 
transmission ^.conductor 320 on the. other, and between the vacuum 

conductive Piping screen 29 on the top. The rnanrfdd sc^29 ^ 
manifold 33 and the wafer processing chamber 168 and P-^oes a manrto.d 33 

chamber Wails 12 and the .outer conductor 320 of the transm^on from ^ 

defines an annuiar pumping channe. for imp.ement.ng unrform nd* f»m I * ^ 9 ^ 
periphery of wafer 5. The exhaust manifoW 33 communjcates .ntothe ^"^^ manifold G2 fnto 
«ow is along paths 22 from manifold G1 «to the ^^^^0^ the wafer 5. The overal. 
the dome/source and/or along paths 26 from man-fold G3 rad-aHy ^ ^ ^ Uom 
gas flow is a.ong path 34 from the ^«™^™™^k JT^V* 37^^e exhaust 
^ wafer and through screen 29 into the g^s out.et saeen 29 and the 

manifold 33 to the exhaust system 21. tt should be no ed frequeoa€S o( inter est the 

cathode transmission One structure are optaonaL Typically, at the tow the eq 
wavelength is very «ong and. thus, the transmission line structure .s -J«JW „ |ie<J 

This contrasts with conventional RF system '"J 3^ wafer S. and 

two electrodes, typically the wafer support electrode 32C. the upper surface c ^J^^SL^ 
. second electrode which is the sidewal.s ^J^^ 13 ^"^^ T 7 anTthe plasma chamber 
Specifically, the antenna 30 is posit.oned ou.SKie and £*™**£Z ( 16A , 0 ^ electfic fieWs 
16A for coupling the RF electromagnetic (em) energy ,nto ^ f/tugn ^ ^ponent of the 

in the process gas. By Faraday's Law of .nduct.cn coupl.ng the^ ^ng^g B ™9 ^ ^..actively 
em energy energizes the process gas and thus ^ • £ ^ ^NgTd.** «» «~ 
designates the chamber 16A and 168 and the plasma) charactered by ^ 
energy ions. The plasma is generated .n the dome 17 concentrated .n ^ ^ small 

coil antenna 30. Active species inc.uding ions, electrons, free radical ^^^^ ™, n . Also . 
stream toward the wafer by diffuse and by ^7*ZZ™ZZ*<o„ S toward 

as described in Section 7 an aporopnate magnet.c field can be used » exwa 
, ,be wafer as described below. 0 P *ona.ly. ^'^^ 

comprising a source 42 and a bias match.ng network 43 couples RF energy <° increasing the ion 

32C for selectively increasing the plasma sheath voltage at the wafer and thus selectively .ncreas ng 

energy at the wafer. _ ,^ flC ^ antenna at the top and sides txjt 

field coupling, which could induce gradients or non-unrformrbes m the plasma, or acce y~ 
40 particles to high energies. " 7c 7 c RQ. 13. or permanent 

to .Wuce circular eteartc Dtkto inaido • wcuum JV^Z^^rS^em mwgh the 

«oa«y art nkMy 10- ««W. «M coup** "^i^^^^rS^ <i«» 

energy, as required. , - rtaoosrtion anrlAv otrhinn - using 

. r. * mT to «^<~:sr; 

r^^ IfiSTlO^ bar (< S miltitorr) and. In tact has run successfully at 2J» x 1<r- oar ^ 
speed and Ngher flow raas. For oxantpte. for oxld, «eHng « pressure rang, of .bout 6*5 x to- 
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about 6.65 x 10 -5 bar (about 5mT (millitorr) to about 50 mT) is preferred. 

Such relatively high pressures require ciose spacing between the source and the wafer. The chamber 
can operate successfully at very suitable, ciose spacing, d, between the wafer 5 and the bottom turn of the 
antenna 30 of about 5 centimeters/ 2 inches without charge-up i damage to sensitive devices and, thus, is 
able to realize the advantages of such very dose spacing: enhanced etch rates and selectivity; reduced 
bi?s voltage requirement and ion energy requirement for a given etch rate; and enhanced etch uniformity 
across the/ wafer. For example, reducing the spacing, d, between the wafer 5 and the source antenna 30 
from 1 0 cm/4 in (which itself is close spacing) to 5 cm/2 in has reduced the voltage requirement by half and 
has increased the uniformity from about 2.5 percent to about 1 percent. 
/ 

2. MULTIPLE GAS INJECTION 



As mentioned, our chamber incorporates multiple gas injection sources G1. G2, G3, FIG. 2, for the 
purpose of injecting reaction, purge, etc., gases at different locations to enhance a particular process 

15 according to the requirements of* that process (etching, deposition, etc.) and the particular material(s) used 
in that process. First, the chamber includes a standard radial gas distribution system G1 at the periphery of 
the base/bottom of the source region 168. In a presently preferred configuration, the G1 injection system 
comprises a quartz gas distribution ring 51 at the bottom of the source and a peripheral annular manifold 52 
defining a distribution channel which feeds gas to the ring. The ring has inward facing radial holes 53-53 

20 and. preferably, stepped sintered ceramic porous gas diffuser plugs 54-54 inserted in the holes to prevent 
hollow cathode discharge. 

The second gas injection arrangement, G2. comprises a grounded or floating or biased dome top plate 
17T of material such as anodized aluminum having a center gas inlet hole 56 filled with a porous ceramic 
diffuser disk 57. 

25 The third gas injection source, G3 t comprises a ring-shaped gas inlet manifold 58 mounted at the 
periphery of the wafer 5 (or a gas inlet incorporated into the clamp ring (not shown) used to hold the wafer 
in position against the support pedestal). 



Example: Etching Silicon Oxide Over Polysilicon Using Polymer-Enhanced Selectivity 



As alluded to above, various types of gases selected from etchant and deposition species, passivation 
species, diluent gases, etc., can be supplied to the chamber via one or more of the sources G1 through G3, 
to satisfy the requirements of particular etch and deposition processes and materials. For example, the 
present inductive source antenna 30 provides a very high density plasma and is very effective in 
55 dissociating the gases in the dome source region 16A of the chamber. As a consequence, when a polymer- 
forming species is supplied to the dome via G1, or GZ, the highly dissociated species may coat the interior 
of the dome at the expense of coating the polysilicon and/or may be so fully dissociated that it does not 
adhere to the polysilicon surface which is to be protectively coated. A solution is to inlet etchant species 
such as C2 F 5 or CF* into the source region 16A via G1 or G2 or via G1 and G2, and supply a polymer- 
ic forming species such as CH 3 F or CHF 3 via inlet G3, to form a polymer preferentially on the poly without 
destructive dissociation. 



Example: Etching Silicon Oxide Over Polysilicon Using Silicon-Containing Gas Chemistry 

4$ Because of the high dissociation of the gases in the source region, fluorine-containing gases (even 
those in which the fluorine is tied up with carbon) typically produce free fluorine which etches silicon and. 
thus, reduces the etch selectivity for oxide. When high selectivity is required, a silk»n-containing additive 
gas can be injected to tie up the free fluorine and diminish its silicon etching. The etchant gas and the 
siliccKi-containing additive gas can be introduced separately via G1 and G2 or can be introduced as a 
so mixture via G1 and/or G2. Suitable fluorine-consuming siUcon-containing additive gases include si lane 
(SiH*), TEOS, diethyls* lane and silicon tetrafluoride (SiF*). 

The fluorine-consuming and poiymer-forming additive gases can be used together in the same process 
. to jointly enhance etch selectivity. 

66 Example: Silicon Oxide Deposition 

Deposition rate is enhanced by supplying the oxyge<KX*Ttaining species and a diluent such as Cb and 
Ar 2 via G1 and/or G2 and supplying a silicon-containing gas such as Sim, via G3. 
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3. DIFFE RENTIAL PUMPING - 

i ~>AA\*kt\ to the vacuum pumping system 

- RG,3 depicts an alternative vacuum P^P^^^P** 39 is comeCt6d * *" 38 * 
2 , which is connected to or near the bottorn £ ^ ^ 39 and 21 are se.ected 

the source region 16A inside the dome 17. differential. AP P . which (1) opposes the 

so they generate jrertically across the source yet {2) is 0 ( lesser magnitude than the 

^ponofuncKarged partides from the source ^.^^ e ^J 5 and tons. As a consequence of 
SceX exefted by the bias vpttageon ^^ ^sjch as e ^ out the 

/AP, uncharged partides such as rad**lsdo J «*J« watery ^ ^ ^ ^ ^ jnaml 

, op vacuum connection 38. As a consequence of ^hviouslv whie it is desired to selectively keep rad^ls 
to the processing region. This approach on ^curs. for examp.e. (1) during etching which 

but not ions out of the ^P"^JSnS \ TZ£ « «• source region which adhere to the 

^zs^^^^ =~ - surtace and/or (2) when ,,uonne 



are formed in the source region 
a RP POWER. TOP AND BIAS SOURCES 
1). Top or Antenna Source 



20 



25 



~~ , rt # .hp RF oower supply 31 for the top source 30 

Reding K, PS- L P-'e-b.y. the 1 J ^ d Jces and to prov,de eH.oent 

is se.ecTed to provide a dense ^""^J^W*** upper frequency of the operating range 
.nouctive coupiing of the RF power * of the operaung frequency is se.ected tor 

,s iirmted to minimize "currenHnduced da mage ( , QW , requency to very h.gh frequency) 
efficiency of RF power coupiing "J^^^*,^. More pre.erabiy. LF/HF (low frequency to 
AC power within the range about 100 KHz to 10C » MHz .s u Most preferably. MF (med.um 

hl gh frequency) power wthin the range 1 00 KHz to 
frequency) power within the range 300 KHz to 3 MHz .s used. 



30 2). Bottom or Bias Source 



35 



40 



46 



' ^ we raoacitivelv coupes RF power to the 

The AC oower *uoo.v 42 for the vdtage'and ion.energy. wh.ch 

plasma, tnereoy effecting control of vanous . ^ «^?SfS(J by the high frequency power. The b.as 
le controued independent of the ^* n **J*^^£ upper frequency limit is selected to 
frequency is selected to achieve a number of^ves^ FVst. ^ ^ is selected in part to 

rx^Vcurrent-induced charged ^^^^^u, higher wafer sheath voltages per un,t 
Preclude voltage-induced £ 0 plaS ma density and, thus, affords better 

Sas power (less heating) of subswtes^ conmb^s to« top ^ altows ions to follow the 

3) a»«*^Ol»n«le» «ITco««ll»M80<«e6 

supply « to i~«mio . constant ^j^ 1 **™^ Is a ckM «x»o»™«oo to t» c*hode 

5 sheath vottage. Bottom power can u« ' density. Top or antenna power has a very 
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define cathode sheath voltage. T 

Because the radio frequency of the source 31 driving the antenna 30 is nonetheless much lower than 
the frequencies used in microwave or microwave-ECH applications, the optional smaller magnets operated 
at/ lower DC current by less expensive poweY supplies can be used, with associated smaller heat loads. In 
5 addition, as is obvious from the above discussion, coaxial cable such as 31 C can be used instead of wave 
guides. In addition, the plasma non-uniform rties caused by the E x B electron d ift in other magnetic- 
enhanced pr assisted systems are absent here, because the applied magnetic fields (both the magnetic 
component of the HF field applied via the antenna 30 and any static magnetic field applied by magnets 81) 
are substantially parallel to the electric field at the cathode. Thus, there is no E x B drift in the system. 
/ 10 A magnetic shunt path formed with a high permeability material may be used to allow a B field in the 
source (upper chamber 1 6A) but not at the wafer. 

Optionally, permanent or electromagnets may be placed in a multi-polar arrangement around the lower 
chamber 168, typically in an alternating pole north-south-north-south...north-south arrangement, to generate 
a multi-cusp magnetic mirror at the source and/or chamber walls. The magnets may be vertical bar 
is magnets or preferably horizontal ring magnets, for example. Such magnets may be used to reduce electron 
losses to the wails, thus enhancing plasma density and uniformity, without subjecting the wafer to magnetic 
fields. 

4) Combination and Synchronism of RF Sources 

20 

As indicated above, the preferred frequency of operation of the lop or antenna RF source and the 
preferred frequency of operation of the bottom or bias RF source both fall conveniently into the same range. 
One optional configuration approach is to combine these two RF sources into one single source, instead of 
using two separate sources. More oenerajiy. the oossibilities are to supply all three RF^iqaalsJincigoing RF 

25 bia* thA thirH nr ton frnm a sinnie source, or to use one source for the antenna and bottom 

bia* a wnow <^'.r/-o w thp third electrode, or to use th*w *en*rate sources. io iDfi extent that 
separate sources are used, additional considerations are -whether the separate RF signals should be equal 
in. frequencv and. if so. whether th^v should be locked in some desjxeo; phase relationship. Preliminary 
study indicates that the~answe7s to these questions depend primarily on the selected frequencies of 

3C operation. If a sinole frequency can he conveniently chosen for two or three of the RF -sources, and if the 
z frequency is unlikely to be changed for dmejSQt orocesses for ^.ncn tne system is used, thpn a sinole RF 
< source is the logical chqjce. If different frequencies are needed tor the sources, based on the considerations 
discussed in subparagraphs t-3 above, or if the frequencies may need to be changed for use in different 
pcoro*^^ jhfin ^aoaxata -R£_sQuices_wi]l .be needAd in.thecase where there are seoarate sources and the 

as same frequency is selected, phase toc&ng »S an issue. For examole. the sources may be synchronized 
such that the phase angle between the RF, voltage input to. the^ antenna and me hh voltage input to the 
bottom or wafer electrpdejs maintained at a constant value that is chosen to optimize. process wpeatabijity. 
At higher frequencies, such as above about 10 MHz, operation appears to be irniependent ^ nhase or 
frequency kxkino. 

40 ^ 

5. ANTENNA TUNE AND LOAD 

1) Tuning 

46 Typically, the antenna 30 is tuned to resonance by (1) varying the frequency of the generator 31 to 
resonate with the antenna; or (2) a separate resonating element . connected to the antenna for tuning to 
resonance. For example, this tuning element can be a variable ind uctance-to-g round or a variable 
capadtanoe-to^rrxjnd. 

Please note, inductive and capadtive tuning decreases the resonant frequency. As a consequence, it is 
60 desirable to build the system to the highest desirable resonant frequency to accommodate the decrease in 
resonant frequency when using capacitance or inductance tuning variables. 

Automatic tuning is preferred and may be executed by using an impedance phaseVmagnrtude detector 
to drive the tune/toad variables. See FIG. 16 and Section 9. AHematrvely, a reflected power bridge or VSWR 
bridge may be used to drive both tune and load variables, but iteration is required. 

65 

2) Loading 



Conductive, capacrtjve or inductive load means L can be used to match the source antenna 30 to the 
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Imoedance of the RF oenerator 31 and the connecting "coaxial cable, 31 C. For example, a tap Of wiper may ■ 
^S^tSe^rrantenna dose to or at the 50 ohm > 300 ohm or other 
Impedance location along the antenna. Alternatively, a variable inductance or a vanable capaatance may be 
connected to the generator output impedance^point 50 on the-antpnn*. 

3). Tune and Uoad Circuits 

Referring to FIGS. 4 to,9. preferably, tune means T is provided which is integral to the source *«enna 
30 to tuTSe source to resorLe. Also, integral load means L is provided torr*tch the ^ 
of the source antenna 30 to the output impedance of the associated power generator 31 .^.^'^ 
fine 31C). Referring to FIG. 4. in one aspect the tune means T is a vanable capaatance wh,ch ,s electf.ca.ly 
connected between one dnd of thfc antenna 30 and RF ground. / .,„^., n ™ which i<= 

As shown in FIG. 5. in another aspect the load means L may be a vanable capaatance M .s 
electrically connected between one end of the antenna and RF ground. Also^he load means may be a 
variable position tap 60 which applies RF input power to the antenna. See FIG. 6 

in a^eferred combination shown in FIG. 7. the tune means T ,s a vanable ^^/^ 
electrically connected between one end of the antenna 30 and RF ground and the ^meansL* another 
variable capacitance which is electrically connected between the other end of the antenna and ' 9™*- 
in this ardent, the RF input power can be applied to the antenna via a Up. that ,s. ^ a tap ^appNed 
along the antenna or at either end thereof. See. FIG. 8. Alternatively, the RF power .nput c^nect.on 66 can 
be positioned at substantially the connection between the toad variable capaatance L and the end of the 
antenna 30, as shown in FIG. 9. 

6. SOURCE/BIAS PROCESS CONTROL 

The invention a.so incorporates the discovery that the etch rate of materials such as silicon dioxide is 
increased and the etch selectivity of silicon dioxide relative to materials such as s.l,con -s .ncreased by 
using a sufficiently high bias voltage to provide a h.gn silicon dioxide etch rate and penod.cally puls.ng the 
bias voltage to a low value. 

1) Pulse/Modulate d Bias-Enhanced Etch Rate and selectivity 

Referring to FIG. 10. typically the etch rates of materials such as silicon dioxide. SiO,. increase witti the 
bias voltage Thus, increasing the bias voltage increases the etch rate of the oxide. Unfortunately, however. 
; the etch rates of associated materials in the integrated circuit structure such as srf.con/polys.l.con also 
increase with the bias voltage. Thus, the use ot a bias voltage of sufficient magnitude to prov.de a very h.gh 
silicon dioxide etch rate also effects a silicon etch rate which (although somewhat tower than the oxxk , etch 
rate) is undesirably high and reduces selectivity. Quite obviously, when etching s.l.con dioxidert * highly 
desirable to have the high oxide etch rate characteristic of high DC bias voltages. V„. combmed w,fh the 
> relatively tow silicon etch rate characteristic of low DC bias voltages. V,. and. thus, high ox.de select^ 
Referring to DC bias voltage wave form 70 in FIG. 1 1 . the seemingly contradictory goals expressed .n 
the previous paragraph of combining the V, and V, characteristics are. in fact achieved in pdymer-forrn.ng 
etch processes (those processes which form an etchsuppressant polymer on materials such as s.ficon) by 
using a high base fine DC bias voltage. V„, and periodically pulsing or modulating tha voltage to a km 
s value. V,. V, is at or betow the crossover poinVvoftage 68. FK3. 10. between silicon etching and s.ficon 
deposition, yet is at or above the oxide crossover poimTvottage 69. As a resutt a P«>^ * 
deposited on the silicon to suppress etching thereof during return to the high rate etch voltage. 
Insufficient deposition occurs on the oxide to sig^rftcarrtly suppress the etching <* *f * V - 
Preferably. V, is characterized by deposition on the poly, but at least slight etching of the wdejr^ 
» presently preferred embodiment the values of the parameters; Vrtfhe high DC Was voltage). V, (the tow OC 
bias voltage). Pw (the pulse width of the tow voltage. V,). and P, (the putse repetition rate or combined 
width of tt!e tow voltage and the high voltage pulses) are. respectively. -400 V. -225 V. about 0.1 seconds, 
and about 1 second. 



65 2) Dual Frequency Bias 



An alternative approach Is depicted by DC bias voltage wave form 71 in FIG. 12. A relatively tow 
frequency voltage variation Is superimposed on the basic bias voltage frequency. For example, a slow 
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rw^nmoosed or mix**" 1 with the base, radio 
frequency. T 2 . < 25 KHz (preferably. S - 10 KHz) may be ' ™ ^ ^ oflly a very thin native 

fluency. T, . < 2 MHz. Si.icon o»de ta an ,nsu,a or; J^SEns £ ^ se en at the oxide surface 
oxide layer. Thus, the low frequency T 2 ™J™™r* , responds , 0 the low frequency T, in a 
because it charges up. However, the essenta lly ^nsuto ^ po^y £ ^ ^ ex ^ on 
manner similar to that described prevwusfy by to ™^*P£^ ^ inniWs etching during the variable 
72 (V.) of the tow frequency. T 2 . cycle. Th.s tow the insulating nature of silicon 

high voltage excursions 73 of the high ^^^^^^ v0tta g e excursions of T 2 and the oxide 
dioxide prevents etch suppressing deposrbon thereon dunng th< > tow «b 

etch proceeds unabated during the high voltage f^ons of the 1 1 cy ^ excursioos 7 2 of the low 

■i .short a protective layer is formed on me SSi^J. excursions 73 of the high 

frequency cycle. T a . suppressing silicon etcrung dun f ^JSon suppression. The result similar to 
frequency cycle. T,. which etches the f^.^^^^^^ «* rate - 3 ^ 
that for the pulse/modulated approach descnbed above « sag lsed/m odulated approach is 

overall silicon etch rate and high etch o( the precisely controlled nature of the 

presently preferred to the dual frequency b.as approach because 



former approach. 
7 . FARADAY SHIELD 



: ... ^ tmri canadtor L at the input end and the 

Consider the typica. antenna 30 coil ^Z^J^T^Tax Se input end and much h.gher at the 
tune capacitor T at the far end and with the f^***"* £ to the tow voltage RF input, 

far end. The bottom coil turns, which are ^J^^^^ rel ative.y high voltage turns near 
Typica.ly. a plasma is struck by the f^^J^^Tl^U breakdown of the gas. Following 
the tune end. which in.fiates the plasma by ele ^ rom agnetic. that is inductive. Such 

, initiation of breakdown, the ™^ ** 

operation is well known. Under steady state <^OOmns. some procesS es may be 

netc inductrve coupling exist Although the "™^J°^ ^res tow energy parties «d low 
sensitive to the electrostatic field. For example, etching of polys.i.co 

energy bombardment to avoid etching any ox.de^ electrostatic field, our chamber optionally 

Referring to FIGS. 1 and 15. to decrease the steady state etectios ^ ^ ^ & 

incorporates a Faraday shield 45. In one embodiment show, ,n lending posts or 
-single" Faraday vary ^ ^ spacing 

bars, etc., surrounding the dome waiis wyv <u*j ^actions 

Although various configurations of the open-ended cylinder configuration 

preferred configuration is l^<^^^ ***** £ 2 

<o depicted in vertical crcss-sectx* .n vThesir^to <*J™- antenna while a ground s«de 49 

extend around the top. inner (source) ^J^.^'^^ ^ configuration allows the axially- 
(which may be solid) is positioned at the outs.de oftheantenn^ Th * ^ ^ ^ 

directed, magnetic component of the £££ ° However, the shield 45 capacitive.y 

and parallel to the plane of the antenna. wh.ch ^"^^^^ etectric field component of the 

<s shurTme direct electnc field ^ the snieto 45. the varying 

high frequency eto<^rc<nagnetic energy J™ ^^^^nce with MaxwelPs equations for capaative 
voltage atong the antenna would couple to the P^ a "J*^™^ Qradients m ^ pla sma densrty and in 
q^acZS current coupling. This may '^^^'^^^^h energy charged par***, 
the energy across me wafer 5 and result in proce^ ^^JV^Xld through a surface results 

so R^a^Law express tak^ralform^ 
In dosed electric fertds In in* 

forrnspe^matthecurioft^Wxluc^ to ^ radiant 

the magnetic field. For sinusoidal excrtatton, the «irl ^ Induced t P"**, 
frequency of the changing B field as well ^'^^^ ^ ^ me shorting effect of the 
« in short a discontinuous or sCtted or ^^^^^^^ coupling of the ra^ 
shield on the changing em field from the a* reduces ^^^^ ^ toco electric fields 
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■ ^ of otasma uniformity and process 

^ tnerebv precludes any associated loss of plasma 

antenna) to the plasma and. thereoy. pr**-< , 

uniformity for high energy charged particles, j 

8. MAGNETIC FIELD CQNFj| ^£^^il_^!£-B^^^^— — \ 

1) Confinement,' maanetic 

Tor^^d-eas^ade^^ 
arrangement is provided .^^^^ * provided by a dcsefy-s^ Wet 

shewn in the FIG. 13 horizontal section represeniaD«^ nonets or electromagnets 76-76. each oi 

rTtindncal multi-polar array of axially-onented ^mating pole, peripheral -N-S-N-S- 

^2 is magnetized across its small tf.mens.ons to [^^^^ mirror 77 at the dome wa. . 
nCeSc fiekJ 8. The multi-polar array S'^J"^^™* reduce electron tosses to the walls 
STuvely. the array may be horizon*, nng -"^^tSIJ the wafer to magnetic fields, 
^us Chancing plasma density and ^^sitioned in a multi-polar arrayaround 

• r^r^ rr^ted cn\e top - trie dome or on t, ,0P P, TT^ 
cylindrical source to reduce losses at the top. processing reg.on 68 can oe 

*s substrate, while retaining compactness. In <^^ ™ o( compactness, in one 

STL, - ^ ^^T^ZTZ^ « a ^ — >™ 

thin magnets therein. . t w ^ 

^ b!Se^^ c^nS^n arrangement and the filter magnet, confinement arrange 



used together 
2) Enhancement 



60 
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2) Enhancement 81-81 RG 3 

*s mentis above . <x» « ^r^tT c^^aTS^ »* ^ 
may be used to define a static ^^t^?^ b^T^ frequency RF radlatng antenna. 

of the antenna coils and ^ ^^^^ uSorm. divergent or n^-™" 
PreleraWv. as described below, one of three ™*^ ra "~^ fieW & spotted orthogonally to the wafer 

5 by the magnets 81-61 n***^"^^ 

foL high frequency ^J^Se^T^^^ static magnetic £ 
r^TS; ZZ?Z^^™«. «"* - 2 * F e Be/m, where B Is the magnet. 

energy and tends to dnve tne «^ 
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the.eof. Diverging magnetic fields can be US ed to push the e«ectrons and ions from the p.asma generating 

regions and to concentrate the plasma at the wafer. - magnetic field 84 

Referring to HQS. 14C and 140. there are shown, ^^^Z Z eacr^of these so-called 

(FIG. 15C) and a cusp-shaped or opposing field 85 (FIG. 15DX- ine euw-i « 
5 Ugnetic mirror" IMc£7Sntar to that of the axial.y divergent field: charged partes are dnven from the 

relatively strong field regions (t the ends here) toward the relatively weak central region^ 

sJ^ootftoS* the magnet(s) and selecting and varying the strength of .^*"*P^* 

the single magnet or cooperating magnets shapes the associated u^form. S Gl dT7e 

field in controlled fashion to increase the density of the plasma at the wafer 
,o preferred- wafer position for maximum plasma density enhancement is closely adjacent to or at the bulge or 

cusp, to provide maximum plasma density enhancement 

It m ay be desired to use an axial magnetic field at the volume of the antenna to enhance plasma 

genLS. Z to eliminate the magnetic fie* at the wafer. An annular disk of ^ ^^p«m^ 

materials (such as nickel or steel for soft iron) may be interposed below fte magnet(s) and the plane of the 
is antenna but above the water 5. 

3. Extraction 

An appropriate magnetic field can be used to extract ions and electrons toward the wafer. 

20 

9. CONTROL SYSTEM 

The following descriptions are used here in reference to the control system depicted in FIG. 16: 

25 

Psp: Power set point 

Pf: Forward power Measured by directional 

coupler located at/inside 
30 power supply 

Pr: Reflected power H 

| 2 1 : Magnitude of impedance 

35 <phi: Phase of impedance 

Tsp: Tune set point 

Lsp: Load set point 

^ Tfb: Tune feedback (measured) 

Lfb: Load feedback (measured) 



FIG. 16 is a block diagram of an exemplary system for controlling the vanous <^^^f'^ 
m power supplies. Here, a system controller 86 Is interlaced to antenna ^supply bnc£e 
sTantonna 30. bias power supply 42. impedance bridge 8a ^^^Jt^T^ ^LJ£ 
process parameters antenna power and DC bias, selected tor ton flux density and ,on energy^ supply 
aVinput to the controUer 86. Controller 86 may also control other ^ G ^Z^^X LT^i 
pressure, electrode or wafer temperature, chamber temperature, and others. ^ 
so Initial tone! and toadl conditions by issuing signals on Tsp1 and ^\^^^ T ^^^-^Z 
controller may also preset WtJal tune2 and toad2 «oditjons by ^ISr^Stia^n 
corded to the rr^lng network 43. Ty^ly.t^ 

(gas breakdown). Power may be applied first to either the antenna 30 or ^a^e^or appl.ed 
simultaneously to both, the controller 88 Issues power set points a, Psp1 fine to antema power supply 31 
M and on Psp2 Gne to bias power supply 42 simultaneously or sequentially (in «J»">^- 

Av*tanche breakdown occurs rapidly In the gas. generating a plasma. Controller 88 monrtors forwarf 
power CP n ) and reflected power (P rt ) toArom the antenna 30. and monitors forward power (P Q ) and reflected 
£j) ^TcZZ 32 DC bias (cathode to anode DC voltage) is also monitored as shown by 



( 
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and Lsp, . based on either (a) forward power P„ and reflected P<*^'--<* ^ ' information to the 

and impedance phase <phi, . Bridge 87 furnishes impedance magnrtude and ^^J^n6 when the 
.controller The antenna 30 is matched when, reflected power P„ « 
s impedance (magnitude and phase (Zi|<phi) is the complex <^^^^^^^ 
impedance. (The zero reflected power condition and the con,ugate ^^^^^^Js^ Tesult 
neousty so either reflected power may be minimized or impedance may be matcr^. wrm tt«^ esult 
ZS^y^VR (vonage^diog wave ratio, or reflection coefficient ma, £ Cen*o J * 
adjusts the-cathode 32 and the matching network 43 tune, and toad, P^rne^y issu^g se t*«*on 
,o the Tspj and Lspj lines, based on either (a) forward power P e and ^^J.^.f 

magnHwde |Z,| and impedance phase <phi*. Bridge 88 furnishes .mpedance magmtude Z ^ ^ 
<p% information to trJcLo.ler 86. Matching occurs when, simHariy lo . ^J^^SSZ 
P , is essentia.* zero, and when impedance (magnitude |Z 2 | and phase <ph, -s the «^J«M^ 
the bias power supply 504 output impedance. 0C b,as is ™^%^^f^^^ 
« power supply's output power to obtain the des.red measured DC teas. ContR«w*s«« 

value of DC bias from the desired va.ue of DC bias. « the difference « ^^-J^^J™^ 
output is increased. If the difference is positive, the bias power supply orfp* ££^£So£ 
power supply output generates a more negative DC bias). Proportional. " P f0 P ort,ona, 

integrative control or other control may be used in accordance w,thth« method. ^ 
a Alternatively, instead of the preferred embodiment of ad,ust.ng b-as power supply « ou^ 
a constant DC bias, a constant bias power supply output may be used. 

in addition «o the DC bias servo-matching technique discussed above. ^^2nZ<^ S 
accomplished by servoing to the peak-to-peak RF voltage. This .after approach may be ' * 
txamole in certain etch processes which require sufficient conductive surface area .n the cathode and 
2S oo? o rodent * dr.ve the .nstrumentation. The use o, polymer coating 

these conductive areas and prevent the current from saturating the ** um ^^^ , ^3S 
reading. In contrast, the peak-to-peak RF voltage approach is unaffected, «pec*» « ^«he low frequencies 
assorted with the preferred frequency ranges. Measurements can be taken a. the ma.ch.ng network 43 
close to the chamber rather than at the cathode. 
30 Controller 86 may be a centra, controller, or a distnbuted system o. control*^ 

The tum-onAurn^ff sequence may be important .or sens.t.ve wafer dev.ce ^SzeT^Li a 
preferred to turn the source on first and off last, since sheath voltage change .s mm.m.zed w.th 
method. For some applications, it may be preferred to turn b.as on first. 

35 10. TRANSMISSION UNE STRUCTURE 32 

As described in detail in the above mentioned referenced applications, proper coaxia^ l™"**" Vj* 
desion requires both a feed via a tow characteristic impedance, short transm.ss.on line from the matching 
id a return path along the transmission «ne. Th.s 

<o the Integra, transmission line structure 32 depicted in FIG. 1 which compnses *° f^^^"™ 
annular conductor 320. and a non-porous tow toss insulator 32! whK* surrounds the cathode 32 C ; and 
Sl^Sod. from the concentric annuls conductor-320 and displaces ^ S^ wt^ 
otherwise might break down. For example. Teflon™ or quart, materia. s are ^^^^Z 
high dietoctnc strength, tow dielectric constant and tow toss, ^^^m f this 

<s the matching network in a manner described below. The insulated cathode 32C a^er^^tor 320 
provide separate current paths between the matching network 43 and the plasma. One ^ers^current 
^tfr^e matchingWxk along the outer periphery of <t*a*hode 

chamber (electrode) surface. The second reversible path is from the plasma ^^^^J^ 
of chamber walls 12 then atong the conductive exhaust manifoto screen 29 and 
M conductor 320 to the matching network. Please note, the exhaust manifold screen 29 is part of the unrfocm 
radial gas pumping system, and the return path for the RF current ,wrions 

stx^ directs Due to tt* cc^ cabte type of ^^^IlS^^o ^ 

structure 32 and. more spedficaHv. due to the higher Intemai impedance ^hecathode 32C to fee 

« outside thereof) and the higher impedance toward the outer surfe^ of me «^«J?J%1^ i<Z 
inner surface thereof), the RF current b ^ to ^ °^ ^ ^ ^ H f^ c ^^ 
surface of the outer conductor 320. in the manner of a coaxial transmission ine. S * n ^™°™*^ 
the RF current near the surfaces of the transmission tine, reducing the effective cross-section of the current 
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path. The use of large wafers, for examp«es. wafers 10.16 to 20.32 cm (4 - 8 inches) in diameter and the 
commensurately large "diameter cathode 32C and large diameter outer conductor 320 prov.de large effective 
cross-section, low impedance current paths along the transmission line structure. 

Also H the coaxial-type transmission line structure 32 were terminated in a pure resistance equal to its 
characteristic impedance Zo. then the matchirig network would see the constant impedance Zo. independent 
of the length of the transmission line. However, such is not the case here, because the plasma is operating 
over a range of pressure and power, and comprises different gases, which collectively van the toad 
impedance *, that the plasma presents to the end of the transmission line 32. Because the toad Z, is 
mismatched from the non-ideal (i.e., non-lossless) transmission line 32. standing waves present on the 
transmission line will increase resistive, dielectric etc. losses between the transmission line and the 
matching network 43. Although the matching network 43 can be used to eliminate any stand.ng waves and 
subsequent tosses from the input of the matching network back to the amplifier or power supply 42. the 
matching network, transmission, line .feed 32 and plasma inside the chamber compose a resonant system 
that increase the resistive. dieWtric. etc.. losses between the transmission line 32 and the match.ng 
network 43. In short, the toad impedance Z, will be mismatched with losses, but tosses are m.n.mum when 

Z " 5 diminish the losses due to the toad mismatch, the coaxial-type transmission line structure 32 is 
designed to have a characteristic impedance Zo that is best suited to the range of toad impedances 
associated with the plasma operation. Typically, for the above-described operating parameters (example: 

so bias frequency range approximately .3 to 3 MHz) and materials of interest, the senes equivalent RC toad 
impedance. Z,. presented by the plasma to the transmission line will comprise a resistance wrth.n the 
approximate range 10 ohm to 100 ohms and a capacitance within the approximate range 50 picofarads to 
perhaps 400 picofarads. Consequently, as the optimum, a transmission line characteristic impedance Zo is 
selected which is centered within the load impedance range, i.e.. is approximately 30 to 50 ohms. 

« It is necessary that the transmission line 32 be very short in order to avoid transformauon of the plasma 
impedance that the matching network sees. Preferably, the transmission line is much less than a quarter 
wavelength. X/4. and. more preferably, is about (0.05 to 0.1) X. 

Also for efficient coupling of power, the inside diameter (cross-section dimension) of the return 
conductor 320 should not be significantly larger than the outside diameter (cross-section dimension) of the 

30 center conductor 32C. . . . 

In short the chamber incorporates a transmission line structure that couples power from the match.ng 
network 31 to the plasma 33. That transmission line structure (1) preferably is very short compared to a 
quarter wavelength at the frequencies of interest or. alternatively, is approximately equal to an integral half 
wavelength, to prevent undesirable transformation of the plasma impedance; (2) has a charactenstic Zo 

35 selected to suppress tosses due to the presence of standing waves on the line between the plasma and the 
matching network; and (3) uses an outside conductor path cross-sectional dimension which is not 
substantially larger than that of the center conductor. 



11. CHAMBER TEMPERATURE CONTROL 
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Temperature control features which may be incorporated in the reactor chamber system 10 include, but 
are not limited to. the use of a fluid heat transfer medium to maintain the internal and/or external 
temperature of the o as ini«t manifolds above or below a certain value or within a certain range: resistive 
heating of the cathode 32C; fluid heat transfer heating or cooling of the cathode 32C: the use of gas heat 
45 tr^er medium between the wafer 15 and the cathode 32C; the use of a fluid heat transfer medium to heat 
or cool chamber walls 12-14 and/or dome 17; and mechanical or electrostatic means for clamping the wafer 
15 to the cathode 32C. Such features are disclosed in commonly assigned U.S. Patent No. 4.872.947. 
issued October 10. 1989. and commonly assigned U.S. Patent No. 4.842,683. issued June 27. 1989. wh.ch 

are incorporated by reference. , 

eo For example, a recirculating dosed toop heat exchanger 90 can be used to flow fluid, preferably 
dielectric fluid, through the bkx* and pedestal of the wafer support/cathode 32C. as indicated schematically 
by flow path 91, to cool (and/or heat) the wafer support. For silicon oxide etching, dielectric fluid 
temperatures of. for example. -40* C are used. As mentioned above, the heat transfer between the wafer 5 
and the wafer support 32 Is enhanced by an inert gas heat transfer medium such as helium at the wafer- 
65 support interface. 

The chamber walls and the dome can be heated and/or cooled by air convection (blown air) and/or a 
dielectric fluid heat exchanger. For example, closed circuit heat exchanger 92 recirculates dielectric fluid at 
a controlled temperature ranging from heating to cooling, for example. +120*C to -1 50 *C. along path 93 
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_ - ^ ' oiio 17W and top 17T can be heated and/or-, 
through the chamber s.dewalls. Similarly. *° do ™jf°^ *l™?3S ^ respectively. 
coolS by heat exchangers 94 and 96 which f ^ fCuU ^ t ^^ ; s ^ srti0 ned between me double 

In an alternative dielectric heat control system, the antenna co.l 30 po 
walls 1FW of the dome, immersed in the recirculating ^^"^ * ^ ^,5 o( the antenna 30 

in another alternative approach for die.ectnc flu,d ^™^^™ e * em2i grease is applied 
are encapsulated, in hicn temperature plastic or tenon • ^ and/or cooled by 

betJTthe encapsulated antenna and the d^ne. ^^^^ 0 the coi. and because o. 
flowing the diefectnc fluid through the coil. Because ^^V^e^ca^ insu.ating properties and 
the proximity' to the source p*sma, the delerfnco.l ^^f^*^ (of effici ent heat transfer at 
,0 / a high boiling point, in addition to hav,ng fcgh ^^^^oTouPont. 
acceptable flow rates. One suitable dielectnc flu,d .s S.ltherm. avatlable from uu 

12. THREE ELECTRODE CONFIGURATION 

, 5 Befer.no ,0- <. inTp^re^ed embody 

electee arrangement which affords ^^^^^Z^ chamber side and bottom 
a cathode (preferably the wafer support electrode ^32). an anode ^(pre e ^ ^ ^ ^ ^ ^ 

^.s, 3^ * t™ elects - (or '"dudes) the dom«J-w^Ji ^ ^ ^ ^ 

electrode may be floating, grounded or conneci^ materials: conductive material, 

advantageously includes ^^^^ nS { ^ ^ ^J^o^. s.Hcon or si.icon<ontain,ng 
preferably a.um.num: diefectnecoated mate ^/^^^^tLrir.cia. s.licon member ,7S such 
conductive matenal such as alum.num-s.l.con alloy, or may .nclude a 



as. but not limited to. a silicon wafer. 
25 l) Grounded Third Electrode 



30 



conv^on* .e.e-e«ce proved »» me «e»s ,2) and * . '^«"e~. ..h^e ^ 



2) Biased Third Electrode 
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The use of . RF-biassd. third electro^ in comber ^^T^^ ''aTus 
(using an e.ectrode which ^^^J^^^TZ, <Ud*n characteris- 
processing characteristics ^'^^^J^^ combi-L with/scavenges free fluorine. (The 
tics of the source plasma, the s,l.con enters the gas pnase an ntrations when fluorine^ontaining 

dissociation characteristics of the source t*™"** " ^ thTe^ rate of oxide but also increases 
gas chemistry is used, for example, to etch ox,de. Th.s '^ease^mee^h^ ^ ^ 

L etch rate of the associated wafer matena.s ^J*^"^ 7a so*al>ed 'lighter' polymer 
selectively). The fluorine scavenging by ^ ^^ZZ o^^^ and on the sidewalls of the 
chemistry with a lesser tendency to deposrl ^^^^^T (elajiwQ to poly, and enhanced 
oxide. The result is increased oxide etch rate. ******** SoS In addition, the free silicon affects 
oxide etch anisotropy and vertical profile and decraasMh "V deposition w silicon, 
the polymerization reaction and results .n a more «^tep«»m ^ incre ased 

preferentially relative to the oxide, with enhanced suppression of the polys.ucon 
oxide selectivity relative to the silicon. . ... ^r^es svnergistjcalry with the use of a 

,n add-on. the TZ ^ on polysi^ 

carbon- and oxygen^ontarang gas such as ^ for oxide relative to silicon 

^ ^ T^T^^^ ^^^^^ — ^ °« 

and Increases the polymer sidewan **osraon onine ' • because the above process 

swewan etch profit of *. o*He. ^J^^^^^c^ with the use of the 
"* 3IK ^J?1 ^ eStr^ ^eTLT me^S^ of the individual benefits of these two 
^^Z^stT^ ^ *2 gas chemistry containing a CHF, main etchant also « 



other fluorine chemistries. 
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Example: Etching Polysilicon over Silicon Oxide 



70 

/ 



T5 



Polysife* o«f »»eon «** <n rttco. waters was «*od; in o* ^ffT^^^^'S 

^!^A^^I^™«e. a .. rti e a .ol<* l xo 1 i te .an< i a> 100:. s*>c«*ty of pdybca. 10 ox,*,. 

Example: gSflcon Oxide Deposition 

Two-step bias spotter deposition of silicon dioxide on siiicon wafers was done in our ^«*o6e 
chamber using a pressure (both steps) of about 2.66 x 10 "« bar to about .33 xlflr» to (about2 mT to 
about 10 mTV gas flow rate of about 200 cc aroon/90 cc oxvqen/45 cc silaoe (both steps - mamoW Gl 
source 'power of '2000 Watts (bo'th steps,; grounded top e.ectrode (both steps) and *as voltage of 
aootf -TStslf-rst steo) and about 100-200 voUs (second step), thereby proving a depos,t,on dunng the 
^l^cLong) of > 750 nm O 7500 Angstroms) per minute and ^oxidedepos, "J*£Q£ 
second step7deoosition. with.orof.le control souttering) of approx.mately 400 to 500 nm (4000 to 5000 
Angstroms) per miHflteT 

Example: Etching Silicon Oxide over Polysilicon using Pol ymer-Forming Chemistry 

Silicon oxide over po.ysi.icon was etched in our •"•^T^J?^^ 
bar to 3.99 x 10"* (2 - 30 mT): gas chemistry flow rates CHF3. 30 - 60 seem; CO or C02 6 *k 
Ar, 100 - 200 seem (taW manifold Gl only): source power of 2000 watts: *j ^ wa « 
electrode 17T with a silicon disk 175 mounted thereto and biased bv RF energy of 2 MHz and .000 wa« . 
The silicon oxide was etched at a rate of 8000 Angstroms per minute with 50:1 ^ 
Alternatively, the silicon-containing body may be supplemented by a s.l.ca coating on the quartz dome walls 
17W. 

30 ia FURTHER DISCUSSION OF ETCHING APPLICATION 
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1) The etching problem 

A significant challenge in semiconductor fabrication is to etch away se, lected OMnmas of silicon 
dioxide when the underlying layer is polysilicon. A high degree of selectivity is desired, so that tteto 
oxide wi.l be etched at a re^vely high rate white any exposed polysilicon wiU ^^TS^T^ 
all. Unfortunately, polysilicon normally etches faster than skcon ox,de. conventional ^J"** 0 " su rff^s 
problem is to deduce into the plasma gases some combination of carbon, hydrogen and fluonne. such as 
^junction with C*. or hydrogen, or methane. The result is to produce a ^J^^T 
the polysilicon. so that etching can continue at a relatively high rate on the s.ncono^ a 
Wah^ensitv plasma may dissociate, in the source region, into the atomic components of the feed gases. 
2f?£2 S^r Cer mat is formed on the wafer makes etching of small device geometnes more 
difficult An important concept in this regard is -microtoading.- which .s defined as: 

^JeST^rTL is the ratio of the etch rate in small features of a wafer to the etch rate in fcrge 
features. Thus, if an etch process has the desirable property of etching^! and 

rate, the microtoading will be 1 - 1/1 = 0. In a process in which smaller features etch at a much slower rate, 
the mkroloading figure will tend toward 1 .0. «^wi«tv one 

The dMy in the etching application described is that in order to 
has to use a restively Urge amount of polymer-forming gas "»»p*™r 
microtoading of much greater than zero. Typically, one can expect to ^Jf^*^*™ 
ratio coupled with about 0.1 rrOcrotoadlng. However, there are many arjpOcations that requre selectivrty 
ratios as high as 30:1 or 40:1. with rrocrokjading of practicafly zero. 

65 2) Using Silicon in the Source Region 

For WotvoensitY plasma sources, one of the dissociation products that etches porysilicon spontaneously 
is fluorine^ As previously mentioned, silicon may by used to rid the source region of free fluorine radicals. 
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The silicon may take the form of a coa«ng on tne third electrode in 

chamber, if the sacrifice silicon is on the walls, the thickness of silicon ^Z^^ wZeTn 
with the frequency at which RF energy is suppfied to the plasma from the «^?^£%Z£ 
must 6e chosen to ensure mat sufficient energy will be couptod 

walls. If the silicon is incorporated into the third electrode as indicated at 17T. me aheon f£^""J 
critical, k. any event H^Kcon is made availabto to scavenge free fluorine from the source regjor, me resuU 
? the fanJorf of silicon fluoride (SiF,). which is a volatile gas that can be easily Pu-Ped^of me 
chamber. If fluorine is removed in mis way. tower concentrations of r^ymer^orm.nggas a^e ^1 
mere is. a tesser tendency to deposit heavy polymer on the wafer, ft appears tha t „s .mrxoved by 

/ two mechanisms. Rrst the 'removal of fluorine reduces tne etching rate * P^*™; ^ ^' ^ 
presence of silicon in the source region seems to affect the manner ,n wruch the the po^rner U^er is 
formed. For reasons not yet fully understood, the polymer layer forms more rapidly on potyakcon than on 
silicon oxide, again enhancing the etching process. 

The silicon T material will itself become coated with polymer during the process. ^^T^ 

; cease to be effective. « the silicon is heated, mis will reduce the polymer '^^^.^^ 
biased electrically it is possib.e to increase bombardment of the silicon sudace 'f^^^SSSZ 
is sputtered oH the surface, to expose the silicon again. Therefore, one of me P^JSTS 
embodiments of me invention uses silicon on a biased electrode, but the silicon may alternately be 
incorporated into an unbiased electrode surface, or into the chamber walls. 



20 



3) Using an oxygen-containing additive gas 



As discussed above .n section 12. the use of a gas such as CO or CO? in the source ^™J"*er 
enhances etching performance. Specifica.ly. the ability of the plasma to etch po« y si«con » """""^ 

25 me etching selectivity of silicon oxide re.at.ve to polygon is ^^ '^^ZmZZ 
deposition on the oxide is reduced, thus enhancing etch anisotropy and vert.cal s.dewal. etch p of le of the 
oxide. Although the preferred approach is to use an oxygen-containing additive gas together 
re.ated enhancements. ,.e. w„h s.licon incorporated into a biased top e.ectrode^ ^J^T^ 
additive gas may a.so be used to some advantage without a biased top electrode and wuhout amuita 

30 neously using silicon to scavenge fluorine from me source region. 



14. OTHER FEATURES 



1 ) Plasma Control 
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A preferred feature of the invention is to automatically vary -bottom" power to maintain a constant 
cathode (wafer) sheath voltage. At tow pressures (<6.65 x 10- bar (<500 mT)) in ^hW as^neUK 
system, the DC bias measured at the cathode is a dose approximation to the cathode sheath voUag^ 
Bottom power can be automatically varied to maintain a constant DC bias. Bottom power has very little 
40 effect on plasma density and ton current density. Top or antenna power has a very strong effect on plasma 
density and on current density, but very small effect on cathode sheath voltage. Therefore, rt ^desired ^to 
use top power to define plasma and ton current densities, and bottom power to define cathode sheath 
voltage. 

45 2) Differential Bias 

As an alternative to biasing the wafer 5 with respect to ground, the b.asjr^r^networK 43and the 
top plate 17Tcan be "ungrounded- and referenced to one another, as .od^ bythe dotted connecton 
50. FIGS. 1 and 2. Referring to FK3. 2, the top plate Is driven differentially and balanced so that thewtege 
eo V T ^ between the top plate and the wafer is approximately twice the magnitude of the votege v ™betwoen 
the top pUrte and the wall 12, and approximatery twice the magnitude of the voltage between the 
wafer iind the wan. This balanced differential drive reduces the interaction of the plasma wrth the walls and 
increases the Interaction - ton extraction -between the source region 16A and the wafer region 168. 

ss 3) Alternative Configurations 

The inventive plasma reactor system Is depicted in FIG. 1 in the conventional orientation, that is 
vertically, with the substrate 5 residing on an electrode 32 (cathode) and the antenna 30 surrounding the 
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dome 17 above the etectrode. For convenience, it was referred to the power supplied to the antenna 30 as 
-antenna" or "source- or -top- power and that supplied to the electrode/cathode 32 as "bias" or -bottom- 
power. These representations and designations are for convenience only, and it is to be understood that the 
described system may be inverted, that is, configured with the electrode 32 on top and an antenna located 
below this electrode, or may be oriented in other ways, such as horizontally, without modification. In short, 
the reactor system works independentiy of orientation. In the inverted configuration, plasma may be 
generated at the antenna 30 and transported upwardly to the substrate 5 located above the antenna in the 
same manner as described in the specifications. That is, transport of active species occurs by diffusion and 
bulk flow, or optionally assisted by a magnetic field having an axial gradient This process does not depend 
on gravitational forces and thus is relatively unaffected by orientation. The inverted orientation may be 
useful, for example, to minimize the probability of particles formed in the plasma generation region in the 
gas phase or on a surface, falling to the substrate. Gravity then reduces the probably of all but the smallest 
of such particles moving upward against a gravitational potential gradient to the substrate surface. 

It will be understood from 1 the foregoing detailed description that the principles of the invention are also 
applicable to alternative configurations other than the one described by way of example. A common feature 
of all the configurations to which' the invention pertains is that a plasma be formed and maintained in a 
chamber by means of electromagnetic coupling of RF energy from outside the chamber. For purposes of 
this invention, the term electromagnetic coupling means that the RF energy is coupled into the bulk or 
volume of the plasma formed in the chamber, as distinguished from capacitive coupling, wherein energy is 
transferred through a sheath layer between the plasma and one or more electrodes. In the disclosed 
illustrative embodiment of the invention. RF energy is electromagnetically coupled to the plasma by 
induction, but it will be appreciated that there are other energy transfer mechanisms that also result in 
electromagnetic coupling of RF energy directly to the bulk of the plasma. For example, microwave ECR 
(electroncylotron resonance) systems also couple energy electromagnetically into the bulk of the plasma. 

4) High and Low Pressure Oper ation and Variable Spacing 

The chamber design is useful for both high and low pressure operation. The spacing, d, between the 
wafer support cathode 32C and the plane of the bottom coil or turn of the antenna may be tailored for both 
high and low pressure operation. For example, high pressure operation at 6.65 x 10"* bar to 6.65 x 10 2 
bar (500 millitorr - 50 torr) preferably uses spacing d < about 5 centimeters, while for tower pressure 
operation over the range <1.33 x 10" 7 bar to 6.65 x 10** << 0.1 millitorr - 500 millitorr). a spacing d > 5 
centimeters may be preferable. The chamber may incorporate a fixed spacing d, as shown, or may utilize 
variable spacing designs such as interchangeable or telescoping upper chamber sections. The reactor 
system 10 is useful for processes such as high and low pressure deposition of materials such as silicon 
oxide and silicon nitride; low pressure anisotropic reactive ion etching of materials such as silicon dioxide, 
silicon nitride, silicon, polysilicon and aluminum; high pressure plasma etching of such materials; and CVO 
faceting involving simultaneous deposition and etchback of such materials, including planarization of wafer 
topography. These and other processes for which reactor system 10 may be used are described in 
European patent applications 91112905.4 and 91112917.5, which are incorporated by reference. 



15. APPARATUS EXAMPLES 



A present working embodiment of the system incorporates the source configuration and the antenna 
configuration depicted in Fig. 1 . The 12.7 cm (5 inch) high quarts source chamber 17 has a diameter of 
30.48 cm (12 inches). The 2 MHz, 33.02 cm (13 inch) diameter, 10.16 cm (4 inch) high, 13 turn coil antenna 
is terminated at both ends (with variable capacitors L and T which are grounded), spaced about 0.635 cm 
(0.25 inch) from (below) the ground plane„ and surrounds the source. Reactive load matching is supplied by 
the variable capacitor L (10-3000) picofarad variable cap. rated 5k V). Also, capacitive tuning of the antenna 
to resonance is provided by a tuning capacitor T (5-100 picofarad, 15kV rating). Operation using source RF 
energy of 2 kilowatt 2 MHz provides a plasma which extends to the wafer, which is 5.08 cm (2 inches) 
downstream (beneath the source). This provides a plasma density of 1-2 x 1012/cm 3 and ion saturation 
current density of 10-15 rnA/cm 2 downstream at the water. A bottom or bias of 2 MHz, 600 watts applied to 
a 12.7 cm (5 inch) wafer positioned on the support electrode approximately 5.08 cm (2 inches) below 
(oVjwnstream) of the antenna provides a 200 volt cathode sheath voltage. 



16. PROCESSES 
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As UK*** a^e. t*e above^escribed reactor ^embodying the » 
numerous plasma processes such as reactive ion ^tP^^'I^LJS^^^ Assure 
chemical vapor deposition (CVO) including sputter fa <^^ s ^..^ ?'^^ e etching Z beam 
conformal isotropic CVO. Other applications iridude. but are not l.m.ted to. sputter etcn g. 
etchinq. or as an electron, ion or active neutral plasma source. ... , - m - toA < n «*> „<: P of a 

(?Le of usual skill in the art wiH appreciate that the present invent.cn ,s not ..mrted » 

asanas a more conventional, non-stepped configuration in wh,ch the source and process.ng reg.cn 
chamber sections are substantially the same cross-section.) 



Claims 

1 An RF plasma process apparatus (10) for processing a workpiece. comprising: 
,s a) a vacuum chamber (16) including a plasma source reg.on (16A) nf0cesseC | at a 

b) a workpiece support member adapted for supporting the workp.ece (5) to be processed at 
position within the chamber (1 6) outside the plasma source region; 

c) at least one gas manifold (G1.G2.G3) mounted in the chamber for supoly.ng process gas 

plasma source region: 
j d) first and second RF power supplies for producing RF energy: 

e plasma excitation means (30) for electromagnetica.ly coupling RF energy from he lust RF power 
supply into the plasma source region so as to form a plasma from sa.d process gas; 
n a IZle electrode (32c) located outside the source region and near sa.d workp-ece pos.t.on 
iLTTc^ZTlf cathode strode being e.ectrica.ly coup.ed tc .the • P^-^J ^ 
electrical power source so as to create an electric field wh.ch attracts charged part.des from 
plasma to flow toward the cathode electrode: <«-ond 

g) an anode electrode mounted in «he chamber for caoadive.y coupling RF energy 

RF power supply into the chamber, thereby establishing a voltage across a plasma sheath, and 

h) a silicon source (1 7s) for supplying silicon ions into the chamber (1 6). 

JO 

2. An RF plasma process apparatus (10) especially according to claim 1 . compns.ng: 

a) a vacuum chamber (16) including a plasma source reg.on (16A). nmrasse d at a 

b) a workpiece support member adapted for supporting a workp.ece (5) to be processed 
position within the chamber outside the plasma source reg.on: ^ 

c?at least one gas manifold (G1;G2;G3) mounted in the chamber for suppty.ng process gas .mo the 
chamber plasma source region; 

d) first and second RF power supplies for producing RF energy: 

e) plasma excitation means (30) for electromagnetically coupl.ng RF energy from the first RF power 
supply into the plasma source region so as to form a plasma from sa.d process 9 a * 

0 a cathode electrode (32C) located outside the source reg.on and near sad workp.ec* , jw*on 
wilL the chamber, the cathode electrode being electncally coupled to the *?* h ™ 

r^ potr source so as to create an electric field" which attracts charged partes from the 

plasma to flow toward the cathode electrode; and 

g) an anode electrode mounted in the chamber for capacity coupbng RF energy .the second 
45 rf power supply into the chamber, thereby establishing a voltage across a ptesma sheath. 

h, Sn STL RF power supply produces RF energy at a frequency wh,ch « tow enough to 
avoid damage to said article caused by electrical current flow in the arfccle. and wh.ch .s h.gh 
enough to provide efficient coupling of RF energy into the plasma. 

so 3. An RF plasma process apparatus (10) especially according to any one of the preceding claims, 
comprising: 

a) a vacuum chamber (16) Including a plasma source region; 

b) a workpiece support member adapted for supporting a workpiece (5) to be processed at a 
position within the chamber outside the plasma source region; 

55 c)at least one gas manifold <G1:G2*33) mounted In the chamber for supplying process gas mto the 

plasma source region; 

d) first and second RF power supplies for producing RF energy; (V _ 

e) plasma excitation means (30) for electromagnetically coupling RF energy from the first RF power 
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supply into the plasma source region so as to. form a plasma from said process gas; 

f) a cathode electrode (32c) located outside "the source region and near said workpiece (5) position 
within the chamber, the cathode electrode being electrically coupled to the plasma through an 
electrical power source so as to create an electric field which attracts charged particles from the 
plasma to flow toward the cathode electrode; and 

g) an anode electrode mounted in the chamber for capacitively coupling RF energy from the second 
RF power supply into the chamber, thereby establishing a voltage across a plasma sheath; 

h) wherein the second RF power supply produces RF energy at a frequency which is tow enough to 
avofd damage to said article caused by electrical current flow in the article, and which is high 
enough to avoid 'voltage induced damage to the article caused by impingement by energetic 
particles. 

4. An RF plasma process apparatus -especially according to any one of the preceding claims comprising a 
vacuum chamber (16) having a plasma source region (16A) near one end of the chamber; a support 
structure adapted for supporting a workpiece (S) to be processed at a position within the chamber 
outside the plasma source region; at least one gas manifold means (Gl;G2;G3) for supplying process 
gas into the chamber; and plasma excitation means (30) for coupling RF energy into the plasma source 
region so as to form a plasma from the process gas; characterized in that the gas manifold means 
comprises; 

a gas inlet (G2) positioned near said one end of the chamber (16); 

a first ring manifold (51) positioned near the boundary of the plasma source region furthest from said 
one end of the chamber; and 

a second ring manifold (58) surrounding the workpiece position. 

5. An RF plasma process apparatus especially according to any one of the preceding claims comprising a 
vacuum chamber having a plasma source region near one end of the chamber; a workpiece support 
member adapted for supporting a workpiece (5) to be processed at a position within the chamber 
outside the plasma source region; at least one gas manifold means (G1;G2;G3) for supplying process 
gas into the chamber; plasma excitation means (30) for coupling RF energy into the plasma source 
region so as to form a plasma from the process gas; and a cathode electrode (32C) located outside the 
source region and near said workpiece position within the chamber, the cathode, electrode being 
electrically coupled to the plasma through an electrical power source so as to create an electric field 
which attracts charged particles from the plasma to flow toward the cathode electrode; 
characterized in that the apparatus further comprises; 

a first gas outlet (38) within the chamber which is located within or near the plasma source region 
(16A); 

a second gas outlet (18) within the chamber (16) which is located closer to the workpiece position than 
to the plasma source region; and 

at least one vacuum pump (21 . 39) connected to the first and second gas outlets so as to exhaust gas 
from the chamber at first and second flow rates through the first and second outlets, respectively; 

wherein the first flow rate is sufficiently greater than the second flow rate to establish a pressure 
differential which causes electrically uncharged partides within the plasma source region to be 
exhausted through the first outlet; and 

wherein the difference between the first and second flow rates is small enough so that electrically 
charged partides within the plasma source region flow toward the cathode electrode. 

6. An RF plasma process apparatus (10) comprising a vacuum chamber (16) having a plasma source 
region (16A) near one end of the chamber; a workpiece support member adapted for supporting a 
workpiece (5) to be processed at a position within the chamber outside the plasma source region; at 
least one gas manrfokj means (G1.GZG3) for supplying process gas into the chamber; plasma 
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excitation means (30) ioTccp^ RF eneruy .nto the p.asma " ^ ^TSS ' 

from the process gas; and a cathode electrode (32C) located outs.de the source regon anc >™*» a 
^^UJ within .he chamber, the cathode electrode ^^^^^SJ 
Zugh anetectrical power source so as to create an electric 

the plasma to flow toward the cathode electrode: characterized in that the apparatus further composes. 

a magnet /nocture (78) which produces a magnetic field within me <^™^ ( ™^™ 
r^ng substantially parallel to. and confined to. a plane located between me plasma (IfA 
and ttlTcXde electrode (32C). the p.ane being perpendicular * «» ****** 
charged partictes from the plasma toward the cathode electrode: whereby the magnet.c ^W.nh.brts 
f^ecJons in the plasma source region from crossing the plane, while perm.tt.ng .ons ,o cross the 
plane and flow toward the cathode electrode. 

An apparatus according to claim 6.. further characterized in that the magnetic field ^ 
structure is spaced from the workpiece position sufficiently to avo-d the creat.on of a s«,n,ficant 
magnetic field at the workpiece position. 

An apparatus according to claim 6 or 7. further characterized in that the magnet structure _ (78) 
closes a pUnar array of spaced-apart. bar-shaped magnets, with adjacent magnets hav,ng poles of 

20 opposite polarity facing each other. 

An RF plasma process apparatus especially according to any one of ^^f^ZT^Zl 
vacuum chamber (16) havng a plasma source region (16A) near one end of the chamber^ workp.ece 
support member adapted for supporting a workpiece (5) to be processed « • ^ Z 
chamber outs.de the p.asma source region, at least one gas manrio.d means (G 1 .G2.G * 
process gas into .he chamber: plasma exdtation means (30) for coupling RF •"* B y*rto*- plasma 
source reg.on so as to form a p.asma from the process gas; and a <*^«???^J^ 
outside Z source region and near sa.d workpiece position within the chamber. ^ c **^«^* 
being electrically coupled to the p.asma through an electrical power source so as to create an electnc 
fieW which attracts charged particles from the plasma to flow toward the cathode .electrode, further 
characterized in that: 



8. 



9. 



a portion of the chamber is bounded by a dielectric wall; and 

the apparatus further comprises a magnet structure (76) which produces a magnetic field immediately 
inside the wall which is predominantly parallel to the wall; 

whereby the magnet structure (76) inhibits electrically charged particles trom impinging on the wall. 

«, 10. An apparatus according to claim 9. further charactenzed in that the magnet structure (76) comprises ;an 
array of spaced-apart magnets surrounding the wall, the magnets having the.r poles onented per- 
pendicular to the wall, the poles of adjacent magnets being of opposite polarity, and the W« ^ 
spaced dosely enough to confine the magnetic field to the immediate vicin.ty of the wall so that the 
magnet structure does not create a substantial magnetic field at the workp.ece position. 

11. An RF plasma processing apparatus (10) especially according to any one of the preceding , cWrns 
comprising a vacuum chamber an RF power supply; and an antenna (30) electrically coupled to the RF 
power suppty (16) and positioned so as to radiate RF energy into the chamber charactenzed m that 

the RF power supply has first and second output terminals, the first terminal being directly connected 
to a point on the antenna; and 

first and second variable capacitors are respectively connected between first and second ends of the 
antenna and the second power supply terminal; 

whereby an impedance match between the antenna and the RF power supply can be achieved by 
adjusting the two variable capacitors without requiring an inductor to be connected between the power 
supply and the antenna. 
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12. An RF olasma process ^nnaratus according to any one of the precedinq claims further containing a 
third electrode O /t) electrically coupled to said cathode electrode or said anoae electrode. 

An RF plasma process apparatus according to claim 12 wherein said third electrode (17t) is located in 
said plasma source region, is composed of a silicon-containing material (17s). and is said silicon 
source. 

14. An RK plasma process apparatus according to any one of the preceding claims wherein the means for 
ele^omagnetically coupling RF energy into the source region includes an RF antenna (30) adjacent to 

70 the plasma source region. 

15. An RF plasma process apparatus according to claim 14 further comprising an electricalty conductive 
shield (45) between the f-lF antenna (30) and the chamber (16) for preventing direct coupling of the 
electric field component of the RF energy from the antenna into the chamber, whereby the RF energy 

is from the antenna is inductively coupled into the plasma source region. 

16. An RF plasma process apparatus according to claim 1. 

wherein the process gas includes constituents which can etch a first material while forming a 
20 passivation layer on a second material; and 

wherein the apparatus further comprises a voltage source for applying to the cathode electrode a DC 
bias voltage (70.71) which alternates between a high value and a low value, the high value being a 
voltage which causes exposed portions of the workpiece composed of the first material to be etched at 
25 a substantial rate, and the low value being a voltage which causes said exposed portions of first 
material to be etched at a lower rate while a passivation layer is formed on exposed portions of the 
workpiece composed of the second material. 

An RF plasma process apparatus according to any one of the preceding claims, wherein the first RF 
power supply produces RF energy at a frequency which is low enough to avoid damage to said article 
caused by electrical current flow in the article, and which is high enough to provide efficient coupling of 
RF energy into the plasma. 

18. An apparatus according to any one of the preceding claims, wherein the frequency of the first RF 
35 power supply is in the range of about 300 kHz to 3 MHz. 

19. An apparatus according to any one of the preceding claims, wherein the frequency of the second RF 
power supply is in the range of about 300 kHz to 3 MHz. 

40 20. A process for plasma etching selected areas of a workpiece surface, comprising the steps of: 

positioning the workpiece near a cathode electrode inside a vacuum chamber; 

supplying into the chamber a process gas having constituents which can etch a first material while 
45 forming a passivation layer on a second material; 

coupling RF energy into the chamber so as to form a plasma from the process gas; and 

applying to the cathode electrode a DC bias voltage which alternates between a high value and a tow 
so value, the high value being a voltage which causes exposed portions of the workpiece composed of the 
first material to be etched at a substantial rate, and the tow value being a vottage which causes said 
exposed portions of first material to be etched at a lower rate white a passivation layer is formed on 
exposed portions of the workpiece composed of the second material. 

55 21. A process according to claim 20. wherein the process gas contains a halogen, wherein the first material 
contains oxygen, and wherein the second material does not .contain oxygen. 



13, 

5 




22. A process according to claim 20 or 21, wherein the passivation layer is a polymer of carbon and the 
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halogen. • 

I 

i. 

23. A process according to ciajm 21 or 22, wherein the halogen is fluorine. 
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